Purpose To compare the clinical features of patients with sacroiliac joint (SIJ)-related sciatica-like symptoms to those with sciatica from nerve root compression and to investigate the necessity to perform radiological imaging in patients with sciatica-like symptoms derived from the SIJ. Methods Patients with pain radiating below the buttocks with a duration of 4 weeks to 1 year were included. After physical and radiological examinations, a diagnosis of SI joint-related pain, pain due to disk herniation, or a combination of these two causes was made.
Introduction
Radiating pain in the leg is a very common complaint and can have many causes. Lumbosacral radicular syndrome (LSR) or sciatica can be one of them. Sciatica is generally defined as ''pain in the lower back and hip radiating in the distribution of the sciatic nerve''. There are a multitude of intra-and extra-spinal possibilities ranging from primary nerve disorders to tumors and metabolic disorders, which can be the underlying cause of sciatica. In the 1920s, the sacroiliac joint (SIJ) was considered to be an important cause for sciatica. A decade later, it became apparent that the lumbar disk could create sciatica and interest in the SIJ faded [1] . The SIJ is a common cause of low back pain, but there is hardly any data indicating that SIJ sciatica can mimic radiating pain due to nerve compression [2] [3] [4] [5] .
Many patients with leg pain as the major complaint are referred to a primary care, physiatry, neurology or orthopedic outpatient clinic, to assess presence of nerve root compression. In 30 % of the patients with a presumptive diagnosis of a lumbar disk herniation, the diagnosis could not be confirmed by radiological imaging studies or even during operation [6, 7] . The question is whether the SIJ is the source of leg pain in these patients. In this prospective study, we included patients with radiating pain below the buttocks, performed neurological and musculoskeletal system examinations with specific clinical pain provocation SIJ tests and additional radiological and laboratory studies to assess the incidence of SIJ-related pain in this patient group. Furthermore, we investigated the clinical features of patients with SIJ-related pain and compared these findings with those of patients with (1) radiating pain caused by a radiologically confirmed nerve root compression due to lumbar disk herniation and (2) both radiological signs of nerve root compression due to disk herniation and positive SIJ provocation tests.
Materials and methods
The medical ethical committee of our hospital approved the design of this study.
Study population
Patients with complaints of leg pain and low back pain were referred by their general practitioners to our department. Consecutive patients were included in this prospective study during a 3.5-year period. A flowchart of the diagnostic process is shown in Fig. 1 .
Inclusion criteria
Inclusion criteria for the study were as follows: presence of pain radiating below the buttock with a duration for more than 4 weeks but \1 year. Exclusion criteria were: (1) pregnancy, (2) previous spinal surgery, (3) inability to attend follow-up visits, (4) patients with a conus-cauda syndrome, (5) patients with a known malignancy, (6) patients with obvious clinical nerve root compression (the neurologist did not doubt about the diagnosis), e.g., on physical examination obvious paresis (MRC \ 4), dermatomal sensory loss, straight leg raising test \60°and reflex changes indicating an involvement of a specific nerve root. For clarity, patients with radiating pain with later radiologically confirmed nerve root compression were not excluded, only those patients in whom the clinicians did not have any doubt about the clinical diagnosis of nerve root compression with the physical findings described above.
All patients underwent physical neurological examination and clinical pain provocation SIJ tests.
Neurological and musculoskeletal system examinations
The neurological examination consisted of testing the strength of the muscles of the lower extremity, the ankle and knee tendon reflexes, a leg raising test (LRS) and reversed LRS as well as the Bragard test. The spine was also examined for lumbar scoliosis, hypertonic dorsolumbar muscles, mobility of the spine, Kemp test, and pressure pain at the SIJ.
SIJ provocation tests
Four different SIJ provocation tests were performed. These were the Gaenslen's test, compression test, thigh trust, and Yeoman's test [8, 9] .
Radiological investigations
Radiographs of the lumbar spine and pelvis and MRI of the lumbar spine and SIJs were performed in all patients. An independent radiologist blinded to the clinical results assessed the radiological images. The assessment focused on the presence or absence of nerve root or nerve root sleeve compression by extruded nucleus material or lateral recessus narrowing.
Laboratory investigations
Laboratory testing included: ESR, leucocytes, calcium, alkaline phosphatase, rheumatoid factor, and Borrelia burgdorferi serology.
At the second visit shortly after the MRI and usually within 4-6 weeks after the first physical examination, these data were reviewed and then a second physical and neurological examination together with clinical pain SIJ provocation tests were performed by one of the two primary involved neurologists (JS and LV). These two physicians made the final diagnosis of SIJ-related pain, pain due to disk herniation, or a combination of these two causes (Fig. 1) .
Definitions of the patient groups

Diagnosis of SIJ-related pain
The diagnosis of SIJ-related pain was based on clinical and radiological grounds. We defined SIJ-related pain as: This group is called the disk herniation group. Some patients had a combination of both. This group is called the SIJ-disk herniation group.
The diagnosis of radiating pain caused by nerve root compression due to lumbar disk herniation with positive provocation SIJ tests was defined as:
1. radiating pain below the buttocks, 2. presence of nerve root compression caused by a herniated disk on the MRI of the spine, explaining the radicular pattern in the leg, 3. pain present in the region of SIJ, 4. three or more positive provocation SIJ tests confirmed at the second visit, 5. exclusion of other causes which can give radiating pain in the leg, a. absence of nerve root compression caused by a foramen stenosis or tumor, b. absence of Lyme disease, or other infectious diseases.
The medical history and clinical findings of the three groups were compared to assess whether by clinical history and physical examination, these three groups can be differentiated before additional radiological examinations are performed.
Statistics
Clinical imaging and laboratory assessment results of the three different groups were analyzed using the Chi-square test for comparison of proportions, or the Kruskal-Wallis test for comparison of means of ordinal variables between more than two groups.
Results
Of the 199 patients, who were referred by GPs, we excluded 13 patients. Three patients had multiple pathology, four patients did not get or could not get an MRI of the lumbar spine, two patients had a duration of signs and symptoms longer than a year, and four patients were excluded from the analyses because of missing data. Figure 1 shows a flow chart of the patient entry, drop-outs, and diagnostic process.
In Table 1 , the diagnosis at the initial visit (before the additional laboratory and radiological examinations) and the final diagnosis obtained after laboratory testing, radiological investigations and a second physical examination are presented. All patients with the clinical diagnosis of a lateral recessus stenosis (group D) had radiological evidence of a foramen stenosis. Initially one patient (group E) had signs and symptoms of coxarthrosis, which was confirmed by X-ray of the hip. Twelve patients (group F) had initially sciatica with a normal physical examination. During follow-up, 2 of these 12 patients had positive SIJ provocation tests, 2 patients had radiological signs of nerve root compression, and 1 patient appeared to have a malignancy. After a second physical examination and radiological imaging, 8 of the 12 patients could not be categorized in one of our earlier defined groups. Although initially SIJrelated leg pain was the most likely diagnosis in 99 patients, this number was reduced to 77 (69 of these 99 patients and eight new cases from the other groups) after the radiological and clinical investigations. At the second visit, 3 of the 99 patients did not have positive provocative tests anymore, 13 patients had another cause of the pain, such as lateral recessus stenosis or coxarthrosis, and 15 patients had radiological evidence of nerve root compression.
The baseline characteristics between the SIJ, SIJ-disk herniation (SIJ-HNP), and disk herniation (HNP) groups are shown in Table 2 . The patients with SI-related leg pain were significantly more often women (p \ 0.0001), had a shorter statue (p = 0.0001) and had a shorter duration of symptoms (p = 0.003). The history revealed that patients with HNP had more often sensory loss or numbness (p = 0.02) ( Table 3 ). There were no significant differences between the three groups concerning the acute onset of pain, pain on coughing or sneezing, feeling of coldness in the leg, subjective muscle weakness, disturbed urinary passage, urine incontinence, or pain occurring in certain positions (Table 3) .
Radiating pain to the groin (p = 0.05 overall and p = 0.03: difference between SIJ group and HNP group) and a history of a fall on the buttocks (p = 0.02) occurred more frequently in the SIJ group (Table 3) .
On clinical examination, muscle weakness (p = 0.04), corkscrew phenomenon (p = 0.05), finger-floor distance C25 cm (p = 0.02), lumbar scoliosis (p = 0.04), positive Bragard (p = 0.005), Kemp sign (p \ 0.0001), positive leg raising test (p \ 0.0001) were more often found when radiologic nerve compression was present (Table 4) . Two male patients in the SIJ group had a positive rheumatoid factor. Laboratory tests were not helpful to discriminate between the three groups ( Table 4) . None of the patients had positive Borrelia burgdorferi serology.
Discussion
In this study, we tried to answer three questions. Does SIJrelated radiating leg pain exist, is MRI of the lumbar spine necessary to exclude other causes and can factors from the medical history or clinical examination be used to differentiate between SIJ-related pain, leg pain due to disk herniation or a combination?
Few studies have investigated the SIJ as a source of pain in the leg [2] [3] [4] [5] . Our clinical impression was that at our outpatients clinic many patients are seen with leg pain and positive SIJ provocation tests without nerve compression on MRI of the lumbar spine. So, we decided to undertake a study to assess this. A strength of our study is that we applied a strict definition for SIJ-related leg pain: radiating pain below the buttocks, three or more positive provocation SIJ tests confirmed by two examiners, exclusion of other causes which can give radiating pain in the leg, e.g., absence of nerve root compression caused by a herniated disk, foramen stenosis or tumor, absence of Lyme disease or other infectious diseases, and exclusion of sacro-iliitis. We suggest that these criteria are going to be used in further studies. It is not clear why SIJ-related leg pain did not receive much attention in recent medical literature, since our data suggest that SI-related leg pain is not a rare occurrence in the practice of neurologists.
Are radiological examinations, such as MRI of the lumbar spine necessary to exclude other causes in patients with presumed SIJ-related leg pain? Performing additional radiological examinations changed the initial diagnosis in 30 of the 99 patients with presumable SIJ-related leg pain. It also influenced treatment decision-making because sometimes an underlying lateral stenosis or root compression by disk herniation was found. So, the diagnosis SIJ-related leg pain without additional diagnostic imaging is insensitive. Although additional diagnostic imaging may be common practice in certain countries, this is certainly not the case in Dutch patients with a presumed diagnosis with SIJ-related leg pain. We therefore advocate to perform at least an MRI of the spine before a definitive diagnosis of SIJ-related leg pain is made. Moreover, as described by Galm et al. [10] SIJ dysfunction can occur in patients with low back pain and sciatica and imaging-proven disk herniation. When therapy is focused on the presence of SIJ dysfunction nucleotomy can be prevented in these patients [10] . Can factors from the medical history or clinical examination be used to differentiate between SIJ-related pain, leg pain due to disk herniation or a combination of both? The patients were referred by their GPs, usually with the question whether the patients had a nerve root compression due to disk herniation. Therefore, the patients are not a representative group for SIJ-related pain but for SIJ-related leg pain mimicking a lumbosacral radicular pain. Literature indicates that consistency of history taking and physical examination in patients with suspected lumbar nerve root involvement is low [11, 12] . In this study, we found that SIJrelated leg pain occurred especially in women. The history revealed that patients with an underlying disk herniation more often had sensory loss or numbness, but otherwise there were no significant differences between the groups concerning the acute onset of pain, pain on coughing or sneezing, feeling of coldness in the leg, subjective muscle weakness, disturbed urinary passage, urine incontinence, or pain occurring in certain positions. Factors that can differentiate between the groups are: (1) radiating pain to the groin and a history of a fall on the buttocks, which occurred more often when the SIJ was involved, and (2) muscle weakness, corkscrew phenomenon, finger-floor distance C25 cm, lumbar scoliosis, positive Bragard and Kemp sign and positive leg raising test at clinical examination, which occurred more often when radiologic nerve compression was present. The occurrence of radiating pain to the groin in patients with SIJ pain has been described before [14] .
Explanations for the radiating pattern of pain into the leg due to the SI joint are several, as described earlier [1] . First, it can be interpreted as referred pain from this joint. The radiating pattern depends upon the segmental nerve supply of the SI-joint, which is described as primarily deriving from branches from L5 to S4 spinal nerves [13] . Second, it has been reported that radiating SI joint-related pain may also be considered as segmental nerve-related pain because of the close relationship between the ventral capsule of the SI joint and the spinal nerves L5 and S1, just prior to where these nerves join to form part of the sciatic nerve [2] . Arthrograms of patients with SIJ-related pain sometimes show tears of this ventral capsule [14] . It has been suggested that SI capsular irritation and cytokine release may cause adjacent neural insult by these communications [15] . Finally, one should take into account that radiating pain into the leg can also derive from structures in the lower back other than the SI-joint, particularly when they are supplied by branches from the same spinal nerves, i.e. L5-S4 [16] .
Our study has a number of limitations. One limitation of the study is that we did not collect all the data of the patients presenting with radiating pain. Patients with a clear clinical picture of an underlying disk herniation were excluded. The second important remark is the lack of a golden standard for SIJ (related leg) pain diagnosis. To make a clinical diagnosis, the International Association for the study of Pain (IASP) has proposed a set of criteria for diagnosing SIJ pain [17] . According to these criteria, SIJ pain refers to patients with pain in the area of the SI joint, which should be reproducible by performing specific provocation SIJ tests or should be completely relieved by infiltration of the SIJ with local anesthetics [18] . The first criterion, the presence of pain in the SIJ is not specific and pain can extend to the buttock, groin or lower extremity. It has been shown that the compression and thigh thrust test (used in this study) are helpful in diagnosing SIJ pain [18, 19] . Multiple SI provocation tests are helpful, but the gold standard for establishing the diagnosis SIJ-related pain is said to be an intra-articular blockade with low volume local anesthetics [1, 18] . We did not perform selective infiltration as a reference test. We had several reasons for this. The first one is the diagnostic value of the SI provocation tests, which were used in this study. Using a threshold of 3 or more positive provocation test has shown to give a sensitivity of 0.85 and specificity of 0.76 with a diagnostic odds ratio of 17 [18] . It is not known whether the combination of these tests with an intra-articular injection in the SIJ increases sensitivity and specificity. Moreover, with the intra-articular injection only the joint cavity is infiltrated, while pain can also occur from the structures surrounding the SIJ [18] . Furthermore, the validity of an intra-articular injection is questioned [20] . Most importantly, at a follow-up study, we wanted to examine prospectively the therapeutic effects of physiotherapy, manual therapy, and intra-articular injection on pain scores in the patients with SIJ-related leg pain. Therefore, we did not want to expose patients to an intra-articular injection of the SIJ prior to the entry to this second study.
The third limitation is that we did not perform a McKenzie evaluation prior to SIJ tests to reduce the probability of diskogenic low back pain.
We conclude that sciatica-like symptoms derived from the SIJ can clinically mimic a radiculopathy. We suggest to perform a thorough physical examination of the spine, SI joints and hips with additional radiological tests to exclude other causes. Recognizing that sciatica can be referred pain from the SI joint is important, since it may prevent unnecessary investigations and operations.
